Male Syrian golden hamsters receiving 12 weekly subcutaneous injections of diethylnitrosamine (DEN) were subjected to cigarette smoke inhalation and fed a diet with or without 1% vitamin C supplement for a period of 58 weeks. Another group was a sham-smoked control and was not fed vitamin C. Tissues of the oral cavity and costal cartilage were examined by light and/or scanning electron microscopy. Oral leukoplakia and costochondral hyperplasia occurred with high frequency in all groups treated with DEN. Leukoplakic lesions were found in the palate, tongue, and pharynx; the early change was focal erosion with mild epithelial hyperplasia and inflammatory cell infiltration. Advanced lesions had marked mucosal thickening due to acanthosis, parakeratosis, hyperkeratosis, and submucosal infiltration of lymphocytes and plasma cells. Precancerous lesions were noted in tongue and pharynx. Scanning electron microscopy of tongues revealed destruction of filiform papillae. The incidence of leukoplakic lesions was higher in smoke-exposed hamsters than in controls, but the incidence in vitamin C-supplemented hamsters was low when compared with the smoke-exposed hamsters without vitamin C. Costochondral hyperplasia was initiated by thickening of the perichondrium followed by proliferation of chondrocytes. Costochondral hyperplasia appeared earlier, and the incidence was higher in the vitamin C-supplemented hamsters. It could not be determined whether costochondral hyperplasia was the primary lesion induced by DEN or secondary change.
Diethylnitrosamine (DEN) is a potent carcinogen which has been detected in trace amounts in tobacco smoke and in processed foods.' The carcinogenicity of DEN has been investigated in many animal species and shown to produce tumors and proliferative lesions in various organs and tissues such as the liver, gastrointestinal and respiratory t r a~t s .~J~ Oral and pharyngeal tumors and/or osteochondroma in the root of the tongue have developed in rats treated with DEN.13J5 However, information concerning the effect of DEN on the oral cavity and osteochondral tissue is still limited. Oral leukoplakic lesions and costochondral hyperplasia induced by DEN were found in hamsters of a study undertaken to determine the effect of a large vitamin C supplement on the development of tumors by DEN in the respiratory tract exposed to cigarette smoke. Further detailed examinations including scanning electron microscopic observation on the oral cavity and/or costochondral tissues of the hamsters have shown that oral lesions were similar to those in human leukoplakia.
Materials and Methods
Details of the experimental procedures and environmental conditions have been described in the previous rep01-t.~ Male Syrian golden hamsters (9 weeks of age, 134 f 7 g of average body weight) were divided into four groups (groups 1-111: 30 animals each, group IV: 10 animals) and received the following treatments. Group I was subjected to sham-smoking condition, and groups I1 and I11 were exposed to cigarette smoke twice a day and 5 days a week in a Hamburg 11-type smoking machine. Group IV served as a satellite untreated control for histopathological comparison. Groups I, 11, and IV were fed a standard laboratory chow (powdered form), and group I11 was fed the standard diet supplemented with 1% vitamin C (ascorbic acid). The diets were supplied with water ad libitum. All the animals in groups 1-111 received 12 weekly subcutaneous injections of diethylnitrosamine (DEN) at a total dose of 10 mg per hamster. Diethylnitrosamine was dissolved in a 0.9% sterilized saline, and the DEN solution (0.25 ml/hamster) was injected subcutaneously into the dorsal cervical region of hamsters once a week. The treatments with cigarette smoke exposure, vitamin C supplement and DEN injection were started at the same time. Moribund and dead animals were necropsied immediately. The experiment was terminated 58 weeks after initiation of treatments because all animals in group I1 had died. The main cause of death was asphyxia resulting from the airway obstruction by the laryngeal and tracheal tumors induced by DEN. All surviving animals in other groups were also killed for pathological examinations.
After necropsy, the oral cavity including palate, buccal mucosa, tongue, and pharynx, and bilateral costal cartilage were removed from all animals except one killed by accident 257 in group IV. These tissues were fixed in 10% neutral-buffered formalin. Osteochondral tissues were decalcified in ion-exchange resin. The following fixed specimens from each animal were processed into paraffin sections and stained with hematoxylin and eosin (HE) for light microscopy: hard palate (3 cross-sections), soft palate (one cross-and one sagittal section), tongue (one cross-and one sagittal section), pharynx (2 sagittal sections), and costal cartilage (2 cross-sections).
Selected parafiin sections of the costal cartilage were also stained by periodic acid-Schiff (PAS) and alcian blue methods and those of the tongue by modified Mallory's connective tissue stain for keratin.' Formalin-fixed tongue from two animals per group were prepared for scanning electron mi-croscopy. Specimens were rinsed in distilled water, re-fixed in 3% phosphate-buffered glutaraldehyde (PH 7.2), post-fixed in 1% osmium tetroxide, and dehydrated in graded series of acetone. After dehydration, tissues were critical-point-dried with C02, mounted on stubs, and coated with a layer of gold palladium. The mounted specimens were examined and photographed using a Hitachi scanning electron microscope (S-430). Table 1 . Detailed morphological alterations were as follows. Oral cavity. Hamsters in groups I, I1 and I11 showed a high incidence of leukoplakic lesions consisting of mucosal erosion, epithelial hyperplasia, parakeratosis and/or hyperkeratosis in the hard and soft palates, tongue, and pharynx ( Figs. 1-4 , Table 1 ). The early leukoplakic change was focal erosion with mild epithelial hyperplasia and infiltration of inflammatory cells including neutrophils (Fig. 2) . More advanced lesions showed typical leukoplakic features characterized by marked epithelial hyperplasia (acanthosis) resulting in loss of polarization of the epithelial layer, parakeratosis and/or hyperkeratosis in these tissues (Fig. 3) . The incidence of advanced leukoplakia was highest in the tongue followed by the pharynx. Advanced leukoplakic lesions were often accompanied by mild epithelial dysplasia and submucosal infiltration of chronic inflammatory cells such as lymphocytes and plasma cells. In the most advanced cases, proliferation of atypical epithelial cells extending into submucosa (precancerous lesion) was occasionally seen in the tongue and pharynx (Fig. 4) ; the frequency was higher in group I1 than in groups I and 111. Scanning electron microscopic observation of the tongue revealed destruction of the filiform papillae leading to the flattened surface of the mucosa (Figs. 5-10 ). Affected papillae lost conical structures and showed a fungi-form appearance (Fig.  8) . Areas where papillae were completely destroyed were frequently covered with crumbled flakey materials ( Fig. 9) , and the surface of the most advanced areas was flattened (Fig. 10) . These changes occurred throughout the tongue and were most evident in the apical portion (Fig. 7) . The incidence of leukoplakic lesions was significantly higher in group I1 than in group I, but the incidence in group I11 was consistently and/ or significantly lower when compared to group I1 (Table 1). The oral lesions described above were not seen in the untreated controls (group IV) except one animal showing erosion of the buccal mucosa.
Results

Incidences of the histological lesions noted in the oral cavity and costal cartilage are shown in
Costal cartilage. Hyperplasia of chondrocytes occurred with high frequency in hamsters in groups I, 11, and 111, but not in group IV (Figs. 11-14 , Table 1 ). The lesion was initiated by thickening of the perichondrium followed by proliferation of chondrocytes (Figs. 12, 13 ). In advanced cases, the existing cartilage was completely surrounded by the newly developed chondral tissue which occasionally showed necrosis (Fig. 14) . The newly developed chondral matrix was mostly positive with alcian blue stain and negative or weakly positive to periodic acid-Schiff. However, the matrix of well-differentiated chondral tissue exhibited the same staining reaction as the existing cartilage. The occurrence of the costochondral hyperplasia was significantly earlier in group I11 than in groups I and I1 as well as the tracheal tumors induced by diethylnitrosamine (DEN) ( Table 2) . Total incidence of the lesion in groups I, 11, and I11 was 33%, 37%, and 53%, respectively.
Discussion
The present study revealed serial leukoplakic changes of the oral mucosa (including tongue and pharynx) following subcutaneous injections of diethylnitrosamine (DEN). Since morphological features were similar to those of human leukoplakia,*J0J6 hamsters treated with D E N may be useful as an animal model for investigation on the pathogenesis of oral leukoplakia. Scanning electron microscopy also demonstrated a serial surface alteration of the tongue mucosa ranging from destruction of the filiform papillae to varioussized areas denuded of the papillae which resembled white plaques in human leukoplakia. Oral leukoplakic lesions could be initiated by focal erosion that results from loss of integrity of the mucosa as caused by DEN. Diethylnitrosamine or its metabolite may disturb the differentiation of the epithelial cells and consequently produce abnormal keratinization resulting in increase of susceptibility to injuries.
The significantly increased incidence of the oral leukoplakic lesions in the smoke-exposed hamsters with DEN indicated that cigarette smoke exposure might promote the induction of oral leukoplakia by DEN. Also supported is epidemiological evidence in humans that there is a strong relationship between occurrence of oral leukoplakia and tobacco smoking hab-~~s .~,~,~J~J 1, 16 Oral leukoplakia is a potentially malignant lesion in humans. 16 In this study, precancerous lesions which could be regarded as carcinoma in situ were occasionally seen, but the frequency was higher in the smoke-exposed hamsters than in the sham-smoked controls. This suggests that cigarette smoking may enhance the propensity of oral leukoplakic lesions to become malignant. On the other hand, the vitamin C-supplemented hamsters showed consistently and/or significantly lower incidences of the oral leukoplakic lesions than did the smoke-exposed hamsters without vitamin C supplement. This result indicated that the provoking effect of cigarette smoke exposure on the oral lesions might be inhibited by vitamin C supplement. Treatment with vitamin C supplement appears to be of value in the healing of wounds such as decubitus ulcers, pressure-sores, and corneal ulceration.'~~ The vitamin C-supplemented hamsters had a significantly lower incidence of the lesion which was regarded as the early change of leukoplakia. It is likely that vitamin C supplement may inhibit the occurrence and/or progress of the lesion and consequently result in lower incidence of advanced leukoplakic lesions.
Costochondral hyperplasia was considered to be induced by DEN. However, such a change has not been reported in previous studies with DEN.'J4 Since previous investigations with DEN have been generally focused on the development of tumors in the main target organs including the liver and respiratory tract, there is a possibility that findings in other sites such as the costal cartilage might be overlooked. In the present study, the occurrence of the costochondral lesion was closely associated with the development of tracheal tumors significantly earlier in the vitamin C-supplemented hamsters, thus indicating that the induction of the costochondral hyperplasia seemed to be accelerated by vitamin C supplement. However, it was also considered that the lesion might be the secondary change resulting from the increased load for respiration of the costal cartilage caused by the tracheal tumors obstructing the airway since there were no significant changes in other cartilaginous tissues. Therefore, it could not be determined whether costochondral hyperplasia was the primary lesion induced by DEN or secondary change. The relationship between chondral tissue and vitamin C has not been established although it has been reported that vitamin C may influence lysosomal enzyme activities in chondrocytes.6J2
